We examined the evolution of expression of duplicate genes in Arabidopsis thaliana, by analyzing 512 data sets of gene expression microarrays and 2022 recent duplicate gene pairs. Expression divergence between gene duplicates is significantly greater in response to environmental stress than to developmental processes. A slow rate of expression divergence during development might offer dosage-dependent selective advantage, whereas rapid expression divergence in response to external changes might accelerate adaptation.
The sequence data and annotation were obtained from the TIGR database (ftp://ftp.tigr.org/pub/data/a_thaliana/ath1/) and NCBI (ftp://ftp.ncbi.nih.gov/genomes/Arabidopsis_thaliana/). Except noted otherwise, we used well-characterized gene duplicates that arose from the most recent WGD event ~20-40 million years ago [1] [2] [3] . The "recent" and "old" gene duplicates that were used for gene expression analyses are given in online Supplementary Material Table S5 and  Table S6 , respectively. We excluded the genes that were annotated as pseudogenes or had no detectable expression levels. In addition, 577 genes were excluded because more than one gene was assigned to a single array element that may cause a potential of cross-hybridization 4 . We detected expression of 2,022 recent gene duplicates 6 in a total of 21,298 annotated genes. We also analyzed the expression data of 2,573 recent gene duplicates inferred by Bowers et al. (2003) 7 (online Supplementary Material Figure S3 and Table S6 ), which included 1,798 gene duplicates matching both copies and 277 pairs matching one copy inferred by Blanc et al. (2003) 6 and additional 498 duplicates 5 (online Supplementary Material Table S5 and Table S6 ). The two sets of duplicate genes were qualitatively similar 5 , and the results obtained using the duplicate gene dataset of Blanc et al. (2003) 6 Figure S3 ).
Analysis of microarray data and detection of up-regulated genes
We obtained the Affymetrix ATH1 data from the AtGenExpress expression atlas at TAIR (http://www.arabidopsis.org/info/expression/ATGenExpress.jsp). We compiled 512 microarray datasets 6 for various conditions, including 79 different developmental stages and 250 datasets for 37 abiotic and biotic treatments. We classified the datasets into three groups: environmental (abiotic and biotic) factors, developmental changes (excluding data obtained in the mutants), and others (online Supplementary Material Table S1 ). The data in the "others" group were not used in the analysis because it may include both environmental and developmental factors. We tested gene expression divergence affected by developmental and environmental factors separately, using expression data obtained from 63 different developmental stages and 63 sets of treatment and time-course combinations under abiotic or biotic stress (online Supplementary Material Table S1 ).
We obtained expression estimates using GC-RMA method 7 . To minimize cross-hybridization 4 , we used the individual values obtained from each probe set with a perfect match for t-test 8 . Affymetrix detection algorithms in the MAS5 library implemented in R 9 were also used to normalize the data and to estimate expression values, and the background levels and PM/MM ratios were corrected according to the Affymetrix Statistical Algorithms 10 . There was no significant difference in the overall results obtained using the two data normalization methods. In each test, the expression data consist of one control (no treatment or a specific tissue) and a series of expression data after the treatments. We used the t-test to determine if the expression of a gene after the treatment (Ga) is greater than that before the treatment (Gb). The null hypothesis was H 0 = Ga -Gb ≤0. A gene is considered to be up-regulated if H 0 is rejected (P ≤ 0.01) in at least one of the several treatments. Except noted otherwise, the up-regulated genes were used in statistical tests because up-regulation of genes in defensive mechanisms is a general response to various stress responses [11] [12] [13] . Expected number was calculated using the proportion of up-regulated genes from all annotated genes excluding gene duplicates using the t-test (P ≤ 0.01). Expected number was calculated using the proportion of down-regulated genes from all annotated genes excluding gene duplicates using the t-test (P ≤ 0.01). ). 
